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In order to remain on store shelves and stay competitive among the overwhelming 
number of packaged goods on today’s shelves, companies will continue to be required to 
cut packaging material and increase sustainability. Current packaging is made using a 
variety of paperboard materials including Solid Bleached Sulfate (SBS), Coated Recycled 
Board (CRB) and Uncoated Recycled Board (URB), also known as Kraft. While both 
SBS and CRB feature a smooth, white printing surface ideal for high quality graphics, 
Kraft is typically associated with a dull printing surface and lower-quality graphics.  
Companies and brands interested in marketing to the eco-friendly consumer are 
printing a simulated Kraft look on SBS and CRB board rather than utilizing a natural 
Kraft substrate. This research sought to answer the following question: 
[RQ]: Is there a difference in consumer attention when shopping for packages 
printed on natural Kraft substrate (URB) or simulated Kraft substrate (CRB)? 
 This Research Question was assessed using eye-tracking metrics gathered from 
participants in a retail-shopping environment. Metrics were compared using Wilcoxon 
Rank Sum test, the non-parametric equivalent to a two-sample t-test. At a 95% 
confidence level, the tests yielded no significant difference for participant’s attention 
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The consumer shopping experience has been transformed from rational 
experience into an emotional one.  Due in part to the overwhelming amount of products 
on grocery store shelves, coupled with the sheer size of today’s mega-stores, consumers 
lack the “mental bandwidth” and time to logically compare all of their options (Young, 
2010c).  
Packaging can be broken down into two main components: graphic and structural. 
This research explores the relationship of the main structural component of a package, 
material, and how it is often used as a simulated graphical element. A methodology was 
established to test the elements of a natural Kraft material vs. a printed or simulated 
natural Kraft material on a bleached surface. These elements were evaluated using eye-
tracking technology in a retail environment. 
Fifty-two voluntary participants shopped for three consumer products typically 
packaged with paperboard: cookies, cereal, and pasta. Eye tracking data was recorded to 
understand consumer attention on Kraft and simulated Kraft packages.  
Statistical analysis was used to compare eye-tracking data between the control 
(simulated Kraft) and experimental stimuli (Kraft). Wilcoxon Rank Sum Tests evaluated 
the medians for each data set for correlation.  
The goal of the research is to determine if consumers have a difference in 
attention between packages made with Kraft or simulated Kraft to aid marketers and 




REVIEW OF LITERATURE 
Packaging Design 
With more than two-thirds of consumer purchase decisions made at the point of 
sale, marketers must find a way to distinguish their packaging and retail presentation at 
store shelf. Various aspects of a package are used to differentiate from other brands, 
creative visibility on the shelf and support shoppers’ primary concerns for protecting and 
promoting the product. Packaging aspects utilized to achieve superior quality at shelf 
include branding, graphics, color, material, and shape. As brands take ownership of these 
various packaging aspects, some marketers choose to focus on packaging sustainability to 
attract the consumer (Young, 2000a). 
Sustainable Packaging 
While no clear, defined understanding exists internationally for sustainable 
packaging, a group of authors in Australia in 2005 broke down the elements in an attempt 
to establish a standard definition. Based off their findings, a sustainable package can be 
defined by three elements: economic functions, environmental functions, and social 
functions (Fitzpatrick, James, Lewis, and Sonneveld, 2005). A sustainable package can 
also be ranked on three levels of concern, where consumers and producers would most 
likely rank their concerns in different orders. Fitzpatrick et al establish the three concerns 
at the macro, intermediate, and micro levels of society. Of concern at the macro level are 
prosperity and well-being, at the intermediate level are the product and packaging system 
including product waste and overall effectiveness, and at the micro level are packaging 
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materials based on life cycle analysis and minimizing waste. The three elements and three 
levels of concern provide a basic starting block for understanding the depth of influence a 
sustainable package has on a consumer’s experience. 
In a survey taken by stakeholders of The Sustainable Packaging Alliance (SPA) in 
2004, sustainability in terms of packaging was found to be “difficult to comprehend” 
(Fitzpatrick et al). Packaging professionals were most concerned with the impact a 
“sustainable package” would have across the entire supply chain, including distribution, 
dunnage, storage and transportation. For a consumer, these factors should go unnoticed. 
By the time the product reaches the store shelves, he or she should be completely 
unaware of any changes to the supply chain for the product. As proposed by The SPA, it 
would be beneficial to consumers as well as designers to establish a tool (i.e. graphics, 
QR Code) that would “generate and report credible environmental information based on a 
multi-criteria evaluation” (SPA 2005). As great as this sounds, this regulation would be 
expensive and impractical for some companies to complete. Due to the lengthy, time 
consuming and often-incomplete nature of Life Cycle Assessments (LCA’s) for products, 
this would be almost impossible to implement throughout the entire packaging industry. 
While this may be a requirement within certain companies, the possibility of making it a 
requirement for all product packages is far from reach at this time. In reaction to this 
conclusion, the SPA is working to develop a PIQET©, Packaging Impact Quick 
Evaluation Tool, that would serve to quickly communicate the package performance and 
satisfaction of any environmental requirements. As pictured below, PIQET© considers 
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social issues (including consumer convenience) and the package’s functional 












Figure 1:  PIQET© concept (SPA 2005) 
 
The biggest challenge in implementing the PIQET© system is the need to develop 
a complicated and in-depth algorithm to classify environmental packaging characteristics, 
materials, impact, etc. This would also require a standardization of LCA for the packages, 
which can get complicated considering confidentiality and liability concerns. However, 
far from completion, this type of system would allow for standardization for sustainable 
packages to compete and appeal to consumers on an even playing field. The PIQET© 
system could potentially eliminate the use of sustainable claims on packages to gauge a 
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consumer’s attention. While a bold claim on the front panel of a primary package would 
encourage visual stimulation, if consumers become accustomed to a standardized 
sustainable grade/description/chart located on the package, the claim would have a much 
weaker impact.  
The PIQET© system would provide a convenient and clear visual for 
environmentally conscious consumers to base their purchase decisions off of, but 
consumers currently turn to marketing to fill the void that a system like PIQET© should 
eventually fill. Sustainable marketing was implemented in the 1970s focusing on 
“ecological or environmental” marketing.  In the 90’s, the popular term was “green 
marketing” , and today the focus has shifted to “sustainable marketing.” Sustainable 
marketing is based on the strategy that a positive ecological environment must be 
maintained in order to not compromise future generations’ abilities to meet their own 
needs. Sustainability marketing also has a broader context including social and ethical 
issues (Murphy, 2005), comparing similarly to the three elements defined by Fitzpatrick 
et al (economic functions, environmental functions, and social functions).  
While it’s important to note the changes from sustainable marketing strategies 
over the course of the past few decades of its existence, its most important to understand 
the main challenges of current sustainable marketing strategies and how they are the 
similar to those experienced by previous generations. In 1971, the editorial director of the 
Journal of Marketing wrote about the challenges for the “corporate-citizen to understand, 
adapt, and contribute to environmental improvement.” The ten articles featured in the 
issue of the journal all centered around environmentally concerned consumers and the 
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sustainability focused changes in the industry at that time. One year later, a strong name 
in the marketing industry, Philip Kotler, wrote in the Harvard Business Review to 
introduce a new marketing that focused on long-term consumer welfare rather than short-
term satisfaction (Murphy, 2013). This applies to current 21st century sustainable 
marketing trends, looking to reduce waste, material, and fossil fuels to ensure that future 
generations can live in a safe and healthy environment. 
There is no clear definition by which designers, consumers, and industry 
professionals understand sustainable packaging, however, the term “sustainable 
marketing” had been around for over a decade when it was established by Sheth and 
Pavatiyar in 1995. In the United States, sustainable marketing is defined as: 
 “The next natural step forward, with an emphasis on progress 
 towards greater sustainability. It is a broader management 
concept which focuses on achieving the ‘triple bottom line’ 
through creating, producing and delivering sustainable solutions 
with a higher sustainable value whilst continuously satisfying  
customers and other stakeholders” (Charter et al. 2002). 
 
In a broader sense, the European definition of sustainable marketing is defined as: 
 
“The process of planning, implementing, and controlling the 
development, pricing, promotion, and distribution of products 
in a manner that satisfied the following three criteria: (1) customer 
needs are met, (2) organizational goals are attained, and (3) 
the process is compatible with ecosystems” (Fuller 1999,4). 
 
While the PIQET© system works to establish an international standard for sustainable 
packages, the United States and Europe currently assess sustainable marketing in a 
similar or different fashion. Comparing traditional marketing with sustainable marketing 
provides a clear distinction. While both marketing strategies aim for customer satisfaction 
and organizational goals, sustainable marketing also aims for ecosystem compatibility. 
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Decisions are made based on short-term orientation and fragmented thinking in 
traditional settings, as opposed to sustainable marketing which makes decisions off of 
integrated thinking and long-term orientation. Establishing one set of sustainable 
marketing goals, decision-making frame of references, philosophical basis, and general 
approaches would act as a tool to characterize sustainable packaging in conjunction with 
the PIQET© system. 
Product and price play the two most important roles in marketing strategies. This 
holds true for sustainable marketing strategies where one significantly drives the other. A 
sustainable product or package is more often than not, more expensive than the non-
sustainable competitor. Although often times sustainable packaging is made possible by 
using less material or minimizing the production carbon footprint, this may mean 
utilizing a more expensive process or less readily available material, thus increasing the 
price (however, this is not always the case).  It would be comforting to argue that given 
an option between a sustainable package and a non-sustainable counterpart with the same 
price, consumers would choose the sustainable option. Brand loyalty and lack of 
consumer knowledge prevents this assumption from being true. Some consumers don’t 
take the time to analyze or compare packages and products but simply “stick with what 
they know.”  
Previous Research 
A research study conducted by Perception Research Studies (PRS) in 2008 was 
completed to quantify consumers’ understanding and perception surrounding sustainable 
packaging. It asked two research questions: “Do shoppers know which packaging 
 8 
systems are better for the environment?” and “Do environmental considerations have an 
impact on their packaging preferences and purchase decisions?” A cross-cultural study 
was conducted by in-person interviews of a minimum of 100 shoppers from four global 
markets, US, UK, Germany, and China. The interviews prompted subjects to touch and 
hold physical unbranded packages and answer specific questions about the packaging 
systems, materials, and environmental factors, and also general questions about 
packaging and the environment to understand the subject’s attitudes and perceptions 
across categories (Young, 2008b).  
The findings of the study show an overall a lack of understanding of the term 
“sustainable packaging” from consumers from all four countries.  Only 15% of 
consumers in the UK, 16% in the US, 19% in Germany and 35 % in China, claimed to 
know what the term meant. Furthermore, these numbers may have been inflated, 
according to responses indicating a misunderstanding of the term. Also when asked, 
“what makes a packaging system environmentally friendly?” a majority of shoppers from 
all four countries responded with recycling. They also responded with “made from 
recyclable materials” when asked their primary factor used to determine if the package 
was environmentally friendly (Young, 2008b).  
While the questionnaire yielded similar results for each country’s sample, the 
second part of the study tested blank white packages native to each country. Participants 
were asked to choose which package they preferred and give a reason. The results 
showed that environmental considerations are not a primary driver for packaging 
preference. While the study tested a variety of packages (aerosol vs. pump bottles, glass 
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vs. plastic vs. aluminum), it only tested one paperboard package. A simple paperboard 
flip-top box was tested against a plastic dispensing bottle for gum in the UK.  
 
Figure 2: Gum Packages Viewed by UK Consumers (Young, 2008b) 
Overall, the paperboard packaging was favored over the plastic bottle. The 
paperboard was perceived to be more environmentally friendly, but few shoppers cited 
environmental factors as their driving preference factor and cited “ease of opening and 
superior portability” instead (Young, 2008b).  
A similar study was conducted at Perception Research Studies also in 2008, 
which tested 500 primary grocery shoppers across 16 different US grocery locations. In-
person interviews were conducted with real packages viewed and handled by consumers.  
This study was also conducted with white, unbranded packages in an effort to gauge 
shoppers’ environmental perceptions and preferences and eliminate brand bias.  Shoppers 
were shown two or three packaging structures across one category and asked to state their 
preference. This eliminated bias of “shopper’s tendency to profess environmental 
awareness when asked about it directly” (Young, 2008a).   
The results showed that less than 10% of shoppers made references to 
environmental factors when first shown white, unbranded packages and not prompted 
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about environmental factors first. When given a list of eight criteria to rank the packages 
on, only 25% chose “environmentally friendly” in their top three considerations. The 
primary consideration across several categories was the ability to see the product through 
the package (i.e. package contains a window) (Young, 2008a).  
Consumers then evaluated package systems based on their environmental factors 
and ranked paperboard cereal boxes above cereal bags, most likely due to the consumer’s 
understanding that paperboard is recyclable. An interesting finding of the study was that 
environmental ratings did not necessarily correlate with purchase preferences. Other 
factors, like ease of opening, functionally, and quality of protection often ranked higher 
as a driving factor for purchase preference. Also of note, some 70% of participants 
claimed they would be willing to spend five to ten cents more for an environmentally 
friendly package, while an overwhelming 85% answered yes when asked “Should 
manufacturers be responsible for producing more environmentally friendly packaging 
without any additional costs to the consumer?” (Young, 2008a).  
The findings of the research indicate that marketers and manufacturers have to 
utilize on-pack communication (claims) if they want to charge a premium or make 
shoppers make their product a priority due to environmental considerations. While 
sustainability may be a driving factor for a manufacturer, the consumers do not always 
recognize it because they simply may not know enough about the package’s 





Establishing one set of guidelines for assessing packages from a sustainable 
marketing or sustainable packaging standpoint will be a complicated, lengthy and 
daunting task.  As previous research shows, consumers may not necessarily understand 
sustainability with regards to packaging, and an environmental factor may not necessarily 
increase purchase intent. However, many consumer product companies and packaging 
designers see an advantage to sustainable packaging on the shelf.  A retail audit of 
today’s grocery store shelves will display packages that are utilizing sustainable materials 
and also packages that appear to be made of sustainable materials.  
 
 
Figure 3: Grocery Store Shelf From a Retail Audit Conducted in Clemson, SC 
As seen in the image above, a variety of companies and brands are moving 
towards a sustainable packaging feel by using a natural looking paperboard, or uncoated 
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recycled board (URB), also known as Kraft board. However, many packages that appear 
to be made of Kraft board are actually simulated during the printing process. This 
simulated look is typically printed on either coated recycled board (CRB) or solid 
bleached sulfate (SBS), two popular food grade paperboards used to package many 
consumer product goods. 
As found in two sustainable packaging studies completed at PRS, environmental 
concerns don’t necessarily drive purchase intent among consumers. Also, an 
overwhelming majority of consumers believe it is the manufacturers’ responsibility to 
produce more environmentally friendly packaging.   
These two conclusions bring forth the question: why are consumer product goods 
companies printing on more expensive board and utilizing more ink to print packages that 
only appear to be sustainable? The alternative is to use a more sustainable material and 
save on ink cost for the surface area that does not need to be printed because the Kraft 
material will show through.  
Companies may be hesitant to print on an uncoated board for a few reasons, 
including lower print quality, line changeover, and perceived quality by the consumer. As 
manufacturers like Sonoco Products Company continue to develop advanced paperboard, 
similar to EcoTectTM, most of these causes for concern can be eliminated. EcoTectTM is 
an uncoated recycled paperboard (URB or Kraft) sourced from 100% recycled fibers 
(with minimum 85% post-consumer). It weighs 10-15% less with equivalent functionality 
compared to a standard clay-coat board (CRB). It has a natural appearance but still 
provides a proven print quality and ink holdout for both offset lithography and 
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flexographic printing. It also offers a 15-35% cost savings when used as an alternative 
compared to CRB or SBS (Sonoco 2014).  
While EcoTectTM presents a favorable cost-savings and printing surface, it is often 
perceived that it is harder to produce as high of a quality print on a natural Kraft surface 
than a bleached white surface. However, with the proper profiling techniques, it is 
possible to achieve very similar color reproduction fidelity to match the colors printed on 
both substrates. It would be ideal to test one set of packages printed on a natural Kraft 
board (EcoTectTM for example) and an identical set of packages printed on a simulated 
Kraft board to gauge if consumers are able to notice a difference in a retail environment. 
A profile is created based on achievable CMYK values unique to each printer and 
substrate. The profile is then applied to the art file prior to printing to ensure the colors 
are reproduced as closely as possible.   
Eye Tracking for Evaluation 
Eye tracking allows marketers to pretest the shelf impact of packages, products, or 
point-of sale systems before introducing them at full-scale (Young 2000a). Eye tracking 
research spans across various designed goods: websites, products, television, 
advertisements, etc.  
Its availability has recently grown across new markets and can be tested on 
subjects using a monitor or with glasses in a controlled environment. Marketers use eye-
tracking software to capture the eye movement of subjects. The captured eye-movement 
data can be used to determine the influence of a package design placed on a shelf (Drew 
& Meyer, 2008).  
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Eye tracking data is used specifically to capture cognitive processes for subjects 
that cannot be visually observed. This includes gaze patterns characterized by fixations. 
Fixations occur when the eye is stable for an average of 200-300 milliseconds. Fixation 
data is recorded using eye-tracking technology to quantity and compare consumers’ time 
spent looking at determined objects of interest (Pannash, Dornhoefer, Unema, & 
Velichkovsky, 2001).  
Researchers collect quantitative data from consumers (or study participants) to 
learn more about shopping behavior. Researchers can correlate shoppers’ attention to 
design changes. An improved attention correlation for a new product or package design 
can help influence a marketer’s decision to launch a new design or invest in new capitol 




MATERIALS AND METHODS 
Objectives 
The goal of the research is to determine the difference that Kraft and clay-coat 
substrates have on consumer attention in a retail environment. This data was collected 
through a consumer study in Clemson University’s CUShopTM mock grocery store using 
eye-tracking technology. Two eye-tracking metrics, total fixation duration (TFD) and 
time to first fixation (TTFF) were measured. The data for various stimuli was assessed 
using the Wilcoxon Rank Sum test, a non-parametric equivalent to a two-sample t-test. 
 
Stimuli 
The stimuli used for this study were a variety of consumer products typically 
packaged with clay-coat and often utilizing a simulated Kraft look for appeal. This study 
includes three products with two treatments. The products are pasta, cookies, and cereal; 
the treatments are clay-coat and Kraft. The three packages were chosen specifically to 
present a range of utilization of the Kraft as a graphical element. The pasta package art 
uses Kraft as a primary graphical element, the cookie package art uses Kraft as a 
secondary graphical element (meaning it is not a prominent detail on the package), and 
the cereal package art uses a full graphic coverage.  The pasta and cookie package art 
include areas where ink is omitted to show the Kraft material. The clay-coat packages are 
printed with a simulated Kraft material in these respective areas. The samples printed on 
clay-coat were used as a control and run on Day 1 of the study and the packages printed 
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on Kraft were experimental and run on Day 2. 
 





Kraft as primary 
Cookies Kraft as secondary 





Kraft as primary 
Cookies Kraft as secondary 
Cereal Full graphic coverage 
 
Table 1: The 2-day, 3x2 study tested 3 products with 2 treatments 
 
Generation of Stimuli 
The stimuli were designed using Adobe Photoshop and Adobe Illustrator. The stimuli 
were designed to reflect designs of current cereal, cookie, and pasta packaging while 
remaining brand-generic. The stimuli each contain generic fake brands in order to 
eliminate brand-loyalty bias.  Each stimulus required two designs: one control and one 
experimental.  The goal of the study required the designs to be as identical as possible. 
Design 1 for each stimulus was printed on the clay-coat (CRB) and Design 2 was printed 
on Kraft (URB). In order to simulate a Kraft look on Design 1, a sample of the Kraft 
substrate used was scanned using an Epson scanner. The scanned image (see Figure 4) 




Figure 4: Scanned image of Kraft substrate
 




Figure 6: Kongsberg XL MultiCUT Used for Generation of Prototypes 
 
All prototypes were printed on a Roland Vera UV inkjet printer, shown in Figure 
5 above. They were cut and creased on a Kongsberg XL MultiCUT finishing table with 




Matching Production Quality of a Flexographic Press 
All stimuli were printed on a Roland Versa UV printer due to the small number of 
prototypes needed and the material to be printed on. A typical production run of cereal, 
pasta, or cookie packages would be printed using a flexographic press. A typical press 
would have five print stations, one for each ink color: white, cyan, magenta, yellow, and 
key (black). In order to create samples as similar to a production quality sample as 
possible, it was necessary to match the layer of white printed on the stimuli to the layer of 
white typically printed on a flexographic press. Figure 7 below shows a sample printed 
on a flexographic press used for comparison. 
 
Figure 7: Flexographic Press Sample with 3 Measurement Locations 
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The Roland Versa UV is capable of printing one to seven layers of white. Each 
achievable white value (one layer of white, two layers of white, three layers of white, and 
so on) was printed on the Kraft board that would be used to make the final stimuli. These 
seven samples were compared to a sample printed on a flexographic press with one pass 
of white.  L*a*b* and spectral data for the samples were measured using an X-Rite 
eXactTM Spectrophotometer. The spectrophotometer was connected to a computer using a 
USB drive and recorded using Microsoft Excel.  
 




Five L*a*b*measurements were averaged for the flexographic printed sample, as 
shown below in Table 2. Three L*a*b* measurements were averaged for each of the 
seven Roland samples shown in Table 3 on the following page.  
 
Flexographic Press Measurements 
Sample L* a* b* 
1 Pass of White Ink 
Sample 1 74.41 4.54 7.79 
Sample 2 75.79 4.15 6.52 
Sample 3 76.65 3.63 4.91 
Sample 4 75.25 4.46 7.56 
Sample 5 77.74 3.45 5.17 
Average 75.968 4.046 6.39 
 




Roland Versa UV Measurements 
Color L* a* b* 
1 Pass of White Ink 
Sample 1 68.83 3.91 3.99 
Sample 2 84.61 -0.43 -2.24 
Sample 3 89.01 -0.87 -1.41 
Average 80.82 0.87 0.11 
2 Passes of White Ink 
Sample 1 68.78 3.99 3.93 
Sample 2 85.36 -0.54 -2.35 
Sample 3 90.68 -1.06 -1.27 
Average 81.61 0.80 0.10 
3 Passes of White Ink 
Sample 1 69.06 3.91 4.17 
Sample 2 85.49 -0.44 -2.19 
Sample 3 90.87 -1.08 -1.24 
Average 81.81 0.80 0.25 
4 Passes of White Ink 
Sample 1 69.92 3.59 2.59 
Sample 2 86.51 -0.83 -2.16 
Sample 3 91.56 -1.12 -1.31 
Average 82.66 0.55 -0.29 
5 Passes of White Ink 
Sample 1 67.94 4.08 4.24 
Sample 2 85.49 -0.68 -2.09 
Sample 3 93.01 -1.16 -0.71 
Average 82.15 0.75 0.48 
6 Passes of White Ink 
Sample 1 79.81 0.39 -1.89 
Sample 2 86.59 -0.79 -2.09 
Sample 3 92.91 -1.17 -0.70 
Average 86.44 -0.52 -1.56 
7 Passes of White Ink 
Sample 1 79.03 0.63 -1.43 
Sample 2 89.25 -1.01 -1.67 
Sample 3 92.59 -1.14 -0.66 
Average 86.96 -0.51 -1.25 
 




Three La*b*measurements were averaged for the UV printed samples. Using 
these averages, the differences for each Roland Vera UV sample were calculated using 
the Flexographic Press sample as the standard. The calculations for the differences were 
found using the formulas below: 
∆L* = Standard Average L*– Sample Average L* 
Where ∆L* = difference in lightness/darkness value.  L*=100 corresponds to white and 
L*=0 corresponds to 0. Higher numbers are lighter and lower numbers are darker 
∆a* = Standard Average a*– Sample Average a* 
Where ∆a* = difference on red/green axis. A positive a* value corresponds to red and a 
negative a* value represents green. 
∆b* = Standard Average b*– Sample Average b* 
Where ∆b* = difference on yellow/blue axis. A positive b* value corresponds to yellow 
and a negative b* value corresponds to blue.  
Greater a* and b* values in the positive or negative direction indicate greater 
saturation. 
∆E*ab = [(∆L2) + (∆a2) + (∆b2)]1/2 
Where ∆E*ab = total color difference value. A ∆E* ab value of zero would represent a 

















b* ΔL* Δa* Δb* ΔE*(ab) 
Flexographic 
 Press 1 75.97 4.05 6.39 Standard 
Roland  
Versa UV 
1 80.82 0.87 0.11 4.85 3.18 6.28 8.55 
2 81.61 0.80 0.10 5.64 3.25 6.29 9.05 
3 81.81 0.80 0.29 5.84 3.25 6.10 9.05 
4 82.66 0.55 -0.29 6.69 3.50 6.68 10.08 
5 82.15 0.75 0.48 6.18 3.30 5.91 9.17 
6 86.44 -0.52 -1.56 10.47 4.57 7.95 13.92 
7 86.96 -0.51 -1.25 10.99 4.56 7.64 14.14 
 
Table 4: Average L*a*b* measurements and ΔL*, Δa*, Δb*, and ΔE measurements 
Based on the basic ∆E*ab calculations, one pass of white ink on the Roland UV 
has the smallest difference (8.55), with both two and three passes of white ink in close 
second (9.05), from the control printed on the flexographic press. Also of note is the 
smallest ∆L value was found with just one pass of white ink with ∆L=4.85. 
 
CIEDE2000 
As technology has improved, new variations of the color difference formula were 
developed to take into consideration how the human eye reflects light. The current 
standard for measuring color for graphic arts is currently CIE2000 or ∆E*00. CIE94 or 
∆E*94 was developed to take into consideration perceptual non-uniformities. For instance, 
the human eye can notice a slight change in orange hued color values that it would not 
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notice in yellows. The ∆E*94 formula is shown below.     
 
 
The ∆E*94 equation did not adequately resolve the perceptual uniformity and 
since ∆E*00 was developed to resolve the error. The ∆E*00 formula is shown below. 
 
The ∆E*00 adds a hue rotation term to adjust for the blue region of Lab color 
space, and adds compensation for neutral colors, lightness, Chroma, and hue.  All three 
variations to the color difference formula are found in the chart below. All variations 
show the Roland Versa UV sample with 1 pass of white ink has the smallest color 
difference when compared to the Flexographic Press sample also with 1 pass of white 
ink. See Table 5 below.  
D50-2 degree Calculations 
Printer # of Passes of White Ink ΔEL*a*b* ΔE2:1 ΔE94 ΔE00 
Flexographic 
 Press 1 Standard 
Roland  
Versa UV 
1 9.44 9.03 8.13 8.19 
2 10.04 9.17 8.78 8.58 
3 10.10 9.07 8.86 8.57 
4 10.99 9.77 9.84 9.31 
5 10.39 8.94 9.18 8.72 
6 14.09 11.64 13.19 9.31 
7 14.38 11.39 13.49 9.70 
 




Although it is clear that 1 pass of white ink creates the lowest ∆E value, this is 
still a high ∆E value to consider samples to be closely matched. In order to reduce the ∆E 
and make the print quality of the samples as high as possible, a profile was created for 
each substrate. For the Kraft substrate, three possible options were included: no white, 
one pass of white, and two passes of white ink. 
 
Profile Creation 
In order to achieve production quality samples for both substrates, a profile was 
created for each substrate specific to the printer used for sample creation (Roland Versa 
UV). For the clay-coat, an Esko IT8.7/3, EyeOne IO chart was printed with the exact 
settings that would be used to print the final prototypes. The charts and prototypes were 
printed at the highest quality possible (for the specific rip software used, this is Artistic). 
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Figure 9: Esko IT8.7/3, EyeOne IO Profiling chart (Control) 
 
For the Kraft substrate, this chart was printed three times: with two layers of white ink, 
with one layer of white ink, and with no white ink. 
A production quality sample printed on Kraft substrate would have a minimum of 
one and a maximum of two layers of white depending on the number of ink stations on 
the printer. This would be determined based on the needs of the customer. In this case, 
both options were tested because they had such similar ΔE00 values when compared to 
the flexographic sample with one layer of white ink. A sample with one layer of white 
ink, 2 layers of white ink, and with no white ink was printed to determine visually and 
scientifically which sample created the smallest ΔE value. 
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The charts printed on Kraft visually show dullness in color when compared to the 
clay-coat. The profiles are created to ensure individually each prototype is printed to the 
highest quality and closest to the intended CMYK values as possible. 
 
Figure 10: Printed profile charts: Clay-coat (top left), Kraft (top right), Kraft with one 
layer of white ink (bottom left), Kraft with two layers of white ink (bottom right) 
 
Each printed profile chart was measured against the control using an i1IO eXrite 
spectrophotometer and Color Engine Pilot 12.1 at the Sonoco Institute Esko Lab. The 
spectrophotometer takes ten L*a*b* measurements for each square and averages them 
(after throwing out the first and last measurement). It records average L*a*b* values to 








Next a profile was created for each substrate using I1Profiler. The profile was created by 
importing the control chart (Esko IT8.7/3, EyeOne IO) and the measured L*a*b* values 
from the printed charts. Four total profiles were created, all using the same Esko IT8.7/3, 
EyeOne IO chart as the control. 
 Also using the Esko I1Profiler, each of the three created profiles for Kraft (no 
white, 1 layer of white, 2 layers of white) was compared to the profiles for clay-coat. 
Using the compare tool, the software averages the ΔE of the L*a*b* values. From this 
data, it was determined the Kraft prototypes should be created with two layers of white 
because it has the smallest average ΔE when compared to the clay-coat. 
 
Profile Comparison Data (D50-2°) 
Profile 1 Profile 2 Average ΔE00 
Standard 
Deviation 
Clay-coat Kraft 13.58 6.15 
Clay-coat Kraft + 1 Layer of White Ink 10.16 5.23 
Clay-coat Kraft + 2 Layers of White Ink 4.19 2.30 
 
Table 6: Average ΔE values for Kraft profiles compared to clay-coat profile 
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Figure 12: Profiles rendered in Lab space from top to bottom 
 
 
Figure 12 above, shows each of the four profiles created for the substrates from 
top to bottom: clay-coat, Kraft with two layers of white ink, Kraft with one layer of white 
ink, and Kraft only. The last Lab space shows all four profiles in the same Lab space. 
This view clearly shows the differences in the four profiled materials.  The following 
figures show a similar progression from different angles in the Lab space.  
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Figure 13: Profiles rendered in Lab space from –a (green) to +a (red) 
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Figure 15: Profiles rendered in Lab space on the a and b axes 
 
Profiles were applied to print files using a custom design workflow in Esko 
Automation Engine Pilot. Final PDF files were ripped to the print software for final 
production. Four total stimuli were created for each product category: pasta, cookies, and 
cereal. Two control stimuli samples were printed on clay-coat and two experimental 
samples were printed on Kraft. 
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Figure 16: Pasta art for Kraft before profiling 
 
Figure 17: Pasta art for Kraft after profiling 
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Figure 18: Pasta art for clay-coat before profiling 
 




Figure 20: Before Profiling: Clay-coat pasta sample (left) and Kraft pasta sample (right) 
 
Figure 21: After Profile: Clay-coat sample (left) and Kraft pasta sample (right) 
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Figure 22: Before Profile: Clay-coat cookie sample (left) and Kraft cookie sample (right) 
 
Figure 23: After Profile: Clay-coat cookie sample (left) and Kraft cookie sample (right) 
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Figure 24: Before Profile: Clay-coat cereal sample (left) and Kraft cereal sample (right) 
 
Figure 25: After Profile: Clay-coat cereal sample (left) and Kraft cereal sample (right) 
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Experimental Method 
This study was completed to determine if a consumer spent a significant amount 
of time looking at packages with printed art on Kraft compared to the same printed art on 
clay-coat. This study was completed using eye-tracking methods to capture participants’ 
visual attention data. An exit survey provided additional demographic and qualitative 
insight to the participant’s decision-making process. 
The metrics of interest for this study are time to first fixation (TTFF) and total 
fixation duration (TFD). 
The experiment was completed in CUShopTM, a realistic shopping environment 
located in the Sonoco Institute of Packaging Design and Graphics at Clemson University. 
Within this immersive setting, participants look and shop for packages as if shopping in a 
retail store. Prices are removed from all products to eliminate bias. 
 
Figure 26: CUShopTM realistic shopping environment 
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Participants 
The study was completed over the course of two days. Twenty-six (26) 
participants were recorded each day for a total of fifty-two (52) participants.  Participants 
included (various students, faculty and visitors) at the Sonoco Institute of Packaging 
Design and Graphics located at Clemson University. It was intended that the participants 
were typical shoppers of the consumer product goods tested, but this will be determined 
through during analysis of post-study survey questions. 
Apparatus 
The Tobii Glasses Eye Tracking system consists of eye tracking glasses, a 
recording assistant, IR markers, and Tobii Studio eye tracking software.  The eye tracking 
glasses are equipped to follow eye pupil movements following calibration. They also 
record sound and first-person perspective video of the subject’s view. Eye movements are 
tracked at a rate of 30 Hz from the right eye through corneal reflection of infrared light. 
Perspective view is recorded with a visual angle of 56° by 40°. The recording assistant is 
hardwired to the glasses and acts as a control interface. It is used for individual 
calibration and records tracking and visual data using a standard transferrable secure 
digital (SD) memory card. IR markers have a transmission range of 60-250 cm at angles 
between 90° and 150°. IR markers are positioned around the packages being tested, 
known as the visual area of interest or AOA. Four or more markers are used in 
conjunction to form a plane in which Areas of Interest or AOI’s are positioned based on 
the subject’s eye movements. Eye tracking data is transferred from the SD memory card 
to Tobii Studio eye tracking software for analysis. 
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Figure 27: Tobii Eye-tracking glasses and IR Marker 
Experimental Design 
Products were arranged on the shelves similar to how they would appear in a 
grocery store, as pictured in Figures 28-30. The pastas stimuli was placed with other 
pasta packages, the cereal stimuli was placed with other cereal packages, and the cookie 
stimuli was placed among other cookie packages. All stimuli were placed at eye level to 
improve quality of eye tracking.  
Areas of Analysis (AOA’s) and Areas of Interest (AOI) are mapped on each 
figure. AOA’s are determined be the location of a grid of IR markers on the store shelves. 
This is the area where eye-tracking data is recorded for each participant. Inside the AOA 
is an AOI, Area of Interest, specifically mapped for each stimulus. Eye-tracking data will 
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be compared for the AOI for control stimuli vs. experimental stimuli. Control stimuli 
were replaced with experimental stimuli halfway through the study to ensure equal 
participant group sizes. 
 
Figure 28: AOA and AOI for Pasta stimuli 
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Figure 29: Shelf Arrangement with Cookie Stimuli 
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Each participant was provided a shopping list and instructed to shop for items as 
they would normally shop as seen in Figure 31. Shopping lists were randomized to ensure 
participants were not influenced by the order in which they shopped. Each stimulus 
(cookies, pasta, and cereal) was included to ensure participants shopped for these specific 
items. The other three items were chosen randomly and positioned strategically in 
CUShopTM so that participants shopped throughout the entire store. 
 





Voluntary participants were informed of the nature of the study as a consumer-
packaging, eye-tracking study. Participants were required to read over an informal 
consent form notifying them there were no known risks involved and that they could 
choose to stop participating at anytime. Participants were informed that the study would 
last approximately 15 minutes and were asked to complete a 3-step process to complete 
the study. 
Step 1: Calibration 
Each participant began by placing the eye-tracking glasses on their eyes and looking 
towards a blank wall. A trained researcher instructed them to follow an IR-marker with 
their eyes to calibrate the camera on the glasses. 
Step 2: Shopping 
The participants were handed a shopping list attached to a clipboard and pen and were 
asked to shop as they would normally shop. They were instructed to write the 
corresponding number for the product chosen in boxes provided on the shopping list. 
Participants were asked to exit the CUShopTM upon completion of the shopping task. 
Step 3: Survey 
The participants were asked to complete a short survey on a computer to gain insight into 
the consumer experience and collect demographic and background information. They 
were led to a small room with a computer where the survey was taken in private. Data 




Data Collection and Eye-Tracking Metrics 
Using Tobii Studio, Areas of Analysis (AOA’s) and Areas of Interest (AOI’s) 
were pre-determined for each product category (cookies, cereal and pasta). AOI’s for 
each product are located within specific AOA’s determined by the placement of IR 
(Infrared) markers on the store shelves. AOI’s were used to determine two measurements 
of participant eye-movement:  Time to First Fixation (TTFF) and Total Fixation Duration 
(TFD). TTFF is defined as the time it takes for a participant to fixate on an AOI. TFD is 
the total time that a participant looks at one particular AOI. 
The survey questions were written to gain insight into the participants’ normal 
shopping behaviors and decisions as well as demographic information. The data stored 
through SurveyMonkey.com was exported in Excel format after the completion of the 
two-day experiment. 
Statistical Analysis 
The raw eye tracking data collected using Tobii Studio was exported in Excel and 
formatted to run statistical analysis. The converted excel data was used in IBM SPSS 
(Service Product for Statistical Solution) for statistical analysis.  A Wilcoxon Rank Sum 
test was used to determine if the measured data was significantly different for the Clay-




RESULTS AND DISCUSSION 
The study included 52 participants over the course of three days. One participant was 
excluded from data analysis due to poor eye tracking data. The following analysis was 
completed for the 51 total participants and includes analysis of recorded eye-tracking data 
and survey data. 
Twenty-six participants shopped for the stimuli printed on clay-coat with 
simulated Kraft and 25 participants shopped for the stimuli printed on the Kraft.  
Participants shopped for either all simulated Kraft packages or all Kraft packages. 
Eye-tracking metrics Time to First Fixation (TTFF) and Total Fixation Duration 
(TFD) were collected using Tobii software and exported to Microsoft Excel for 
organization and analysis. Survey data was collected through Survey Monkey and also 
exported to Microsoft Excel. 
SPSS (IBM Service Product for Statistical Solution) was used to generate 
descriptive statistics. Each data set was tested for normality using the Shapiro-Wilk test 
and medians were compared using the Wilcoxon Rank Sum test. A 95% confidence level 





After exiting CUShopTM upon completion of the eye-tracking portion of the study, 
each participant was asked to complete a follow-up survey located in a room adjacent to 
the CUShopTM. Each participant was assigned a unique participant number for the 
duration of the study to ensure confidentiality. All survey questions and formatting can be 
found in Appendix B. The results are documented in the following pages. 
 
 
Figure 32: Survey Responses: Participants’ Age 
Participants’ ages ranged from 18-59. The majority of participants were between 
the ages of 21-29. This represented 56% of the participants. Another 30% was between 
the ages of 18-20. 86% of the participants were under the age of 30. This was mainly due 
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to the location of the study. Most of the human traffic in and out of the Sonoco Institute 
on any given day is students attending Clemson University. One participant chose not to 
report his or her age. 
 
Figure 33: Survey Responses: Participants’ Gender 
 
Approximately 62% (or 32 participants) of the sample was male and 38% (or 20 
participants) of the sample was female. Gender should not have a direct influence on the 
study as items that were shopped for are very generic and often shopped for by both male 
and female genders.  
 52 
 
Figure 34: Survey Responses: Participants’ as Primary Shopper 
 
Fifty percent of participants reported as the primary shopper for their household 
with an additional 33% of participants who were sometimes the primary shopper. Only 
17% of participants were not the primary shopper for their household. In addition, 53% of 
the sample shopped for household items once a week or more, 39% shopped once every 
two weeks, 2% shopped once a month, and about 6% shopped less than once a month. 
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Figure 35: Survey Responses: How Often Participants’ Shop 
 
 
Figure 36: Survey Responses: Participants’ Education Level 
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The majority of participants at 60% had completed some level of college but no 
degree. This is expected when considering the age range of most of the participants. 
Because this study required participants to view printed stimuli, it was necessary to 
gather data regarding corrective vision. Only one participant’s data was excluded from 
analysis due to poor calibration. Two potential participants were unable to complete 
calibration and did not complete either task of the study. While neither glasses nor 
contacts were intrusive to the task of the study, it is noted that 34% of participants wore 
glasses, contacts, or both and 25% of participants were wearing glasses or contacts while 
participating in the study. 
 




Figure 38: Survey Responses: Participants’ Recent Food Purchases 
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Within the last 30 days, 75% of participants shopped for pasta, 63% of 
participants shopped for cereal, and 48% of participants shopped for sweet snacks. This 
verifies that the pasta, cereal and cookie stimuli participants were instructed to shop for 
were typical of their normal shopping experience. 
The following three questions were asked on a Likert-type rating scale to gain 
insight into how well the task of the study was understood and how important both 
packaging material and packaging art is to the consumer when making a purchasing 
decision. 
 
Figure 39: Survey Responses:  Understanding of Study Task 
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Based on the survey response, 67% of participants found the task of the study 
“very clear” while an additional 25% found the task as “somewhat clear.” 
 
 
Figure 40: Survey Responses: Packaging Material Importance 
The majority of participants (54%) responded “somewhat important” when asked 
if packaging material is an important part of their purchasing decision, with an additional 





Figure 41: Survey Responses: Packaging Art Importance 
 
 
Fourty-eight percent of participants responded with “very important” when asked 
if packaging art (i.e. graphics, design, and colors) was an important part of purchase 
decision.  An additional 42% responded with “somewhat important.” Only five 
participants answered either “neither important nor unimportnat,” “somehwat 
unimportant,” or “very unimportant.” 
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Figure 42: Survey Responses: New Product Influences 
 
 
All but one, or 98%, of participants responded that price was an influential factor 
when purchasing a new product.  The responses ranked in order from most to least are: 
Price (98%), Package Design (77%), Color (60%), Graphics (58%), Print Quality (38%), 
Material (37%), and Recyclability (29%). Four participants chose to answer the “Other” 
option. Their responses included: ingredients, product visibility, shelf location, coupons, 
and product quality.    
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Eye-Tracking Results and Statistical Analysis 
 
The raw eye tracking data collected using Tobii Studio was exported in Excel 
formatted to run statistical analysis. The converted excel data was used in IBM SPSS 
(Service Product for Statistical Solution) for statistical analysis.  
SPSS (IBM Service Product for Statistical Solution) was used to generate 
descriptive statistics for each data set. SPSS output was used to determine the mean and 
standard deviation, and standard error, and exported to Microsoft Excel. Bar charts were 
plotted for each of the three products and two measured eye-tracking metrics.  
Each data set was tested for normality using the Shapiro-Wilk test. After 
concluding that all data sets are non-normal, the Wilcoxon Rank Sum test was completed 
as the non-parametric equivalent to a two-sample t-test. The Wilcoxon Rank Sum test 




TTFF - Cookies 
Treatment N Mean Median Standard Deviation 
Standard 
Error 
Clay-Coat 26 2.15 1.385 2.23 0.44 
Kraft 26 2.50 2.035 2.54 0.50 
 





Figure 43: Means with Standard Error for TTFF for Cookies 
 
 
Participants’ TTFF for the cookie stimuli was greater for the stimuli printed on 
Kraft (2.5 second) than for the stimuli printed on clay-coat (2.15 seconds).  The Kraft and 
Clay-Coat samples were each taken from a sample size of 26 participants. 
 
 























Shapiro-Wilk Test for TTFF - Cookies 
Treatment Statistic N Sig. 
Clay-Coat 0.81 26 0 
Kraft 0.84 26 0.001 
 
Table 8: Shapiro-Wilk test for normality  
 
A Shapiro-Wilk test was completed to determine if the data recorded was 
normally distributed. For TTFF for both the Clay-Coat and Kraft cookie stimuli, the 
significance was <0.05, so the null hypothesis of normally distributed data was rejected. 
A standard, two-sample t-test cannot be applied to non-normal data. Thus, a Wilcoxon 
Rank Sum test was completed to determine if the Time to First Fixation for the cookie 
stimuli printed on Clay-Coat is different than the Time to First Fixation for the cookie 
stimuli printed on Kraft.  
H0: median (Kraft) – median (Clay-coat)  = 0 






 N Mean Rank Sum of Ranks 
TTFF Cookies Kraft - 
TTFF Cookies Clay 
Negative Ranks 12a 12.29 147.50 
Positive Ranks 14b 14.54 203.50 
Ties 0c   
Total 26   
a. TTFF Cookies Kraft < TTFF Cookies Clay 
b. TTFF Cookies Kraft > TTFF Cookies Clay 




 TTFF Cookies 
Kraft - TTFF 
Cookies Clay 
Z -.711b 
Asymp. Sig. (2-tailed) .477 
a. Wilcoxon Signed Ranks Test  
b. Based on negative ranks.  
c. Based on positive ranks. 
 




Time to First Fixation measures the amount of time in seconds it takes for a 
participant to fixate on a determined Area of Interest (AOI). With a p-value = 0.477, there 
was no significant difference (p>0.05) found between the TTFF for stimuli printed on 
Kraft and TTFF for stimuli printed on Clay-coat for the cookie stimuli. Neither group 






TFD - Cookies 
Treatment N Mean Median Standard Deviation 
Standard 
Error 
Clay-Coat 25 4.69 2.2 5.87 1.17 
Kraft 26 5.16 2.7 6.01 1.18 
 





Figure 44: Means with Standard Error for TFD 
 
Participants’ TFD for the cookie stimuli was greater for the stimuli printed on 
Kraft (5.16 seconds) than for the stimuli printed on clay-coat (4.69 seconds).  
  























Shapiro-Wilk Test for TFD - Cookies 
Treatment Statistic N Sig. 
Clay-Coat 0.69 25 0 
Kraft 0.76 26 0 
 
Table 10: Shapiro-Wilk test for normality  
 
A Shapiro-Wilk test was completed to determine if the data recorded was 
normally distributed. For TFD for both the Clay-Coat and Kraft cookie stimuli, the 
significance was <0.05, so the null hypothesis of normally distributed data was rejected. 
A standard, two-sample t-test cannot be applied to non-normal data. Thus, a Wilcoxon 
Rank Sum test was completed to determine if the Total Fixation Duration for the cookie 
stimuli printed on Clay-Coat is different than the Total Fixation Duration for the cookie 
stimuli printed on Kraft.  
H0: median (Kraft) – median (Clay-coat)  = 0 




 N Mean Rank Sum of Ranks 
TFD Cookies Kraft - TFD 
Cookies Clay 
Negative Ranks 12j 13.25 159.00 
Positive Ranks 13k 12.77 166.00 
Ties 0l   
Total 25   
j. TFD Cookies Kraft < TFD Cookies Clay 
k. TFD Cookies Kraft > TFD Cookies Clay 







 TFD Cookies 
Kraft - TFD 
Cookies Clay 
Z -.094b 
Asymp. Sig. (2-tailed) .925 
a. Wilcoxon Signed Ranks Test  
b. Based on negative ranks.  
c. Based on positive ranks. 
 





Total Fixation Duration is defined as the total amount of time (in seconds) which 
the viewer provides fixations on determined Area of Interest (AOI). At p-value=0.925; 
there was no significant difference (p>0.05) found between the mean TFD for stimuli 
printed on Kraft and TTFF for stimuli printed on Clay-coat for the cookie stimuli. Both 















TTFF - Pasta 
Treatment N Mean Median Standard Deviation 
Standard 
Error 
Clay-Coat 25 4.03 1.93 6.13 1.23 
Kraft 26 2.99 1.59 4.66 0.91 
 





Figure 47: Means with Standard Error for TTFF for Pasta 
 
 
Participants’ TTFF for the pasta stimuli was greater for the stimuli printed on 
Clay-Coat  (4.03 second) than for the stimuli printed on Kraft (2.99 seconds). The sample 
size for Clay-Coat stimuli is N=25 and the sample size for the Kraft stimuli was Kraft 
stimuli is N=26. 
 






















Shapiro-Wilk Test for TTFF - Pasta 
Treatment Statistic N Sig. 
Clay-Coat 0.59 25 0 
Kraft 0.69 26 0 
 
Table 13: Shapiro-Wilk test for normality  
 
A Shapiro-Wilk test was completed to determine if the data recorded was 
normally distributed. For TTFF for both the Clay-Coat and Kraft pasta stimuli, the 
significance was <0.05, so the null hypothesis of normally distributed data was rejected. 
A standard, two-sample t-test cannot be applied to non-normal data. Thus, a Wilcoxon 
Rank Sum test was completed to determine if the Time to First Fixation for the pasta 
stimuli printed on Clay-Coat is different than the Time to First Fixation for the pasta 
stimuli printed on Kraft.  
H0: median (Kraft) – median (Clay-coat)  = 0 






 N Mean Rank Sum of Ranks 
TTFF Pasta Kraft - TTFF 
Pasta Clay 
Negative Ranks 12d 12.96 155.50 
Positive Ranks 12e 12.04 144.50 
Ties 1f   
Total 25   
d. TTFF Pasta Kraft < TTFF Pasta Clay 
e. TTFF Pasta Kraft > TTFF Pasta Clay 




 TTFF Pasta 
Kraft - TTFF 
Pasta Clay 
Z -.157c 
Asymp. Sig. (2-tailed) .875 
a. Wilcoxon Signed Ranks Test  
b. Based on negative ranks.  
c. Based on positive ranks. 
 
Table 14: Wilcoxon Signed Ranked Sum test Results for TTFF for Pasta Stimuli 
 
 
Time to First Fixation measures the amount of time in seconds it takes for a 
participant to fixate on a determined Area of Interest (AOI). With a p-value = 0.875, there 
was no significant difference (p>0.05) found between the TTFF for stimuli printed on 
Kraft and TTFF for stimuli printed on Clay-coat for the pasta stimuli. Neither group took 




TFD - Pasta 
Treatment N Mean Median Standard Deviation 
Standard 
Error 
Clay-Coat 25 6.27 4.37 6.32 1.26 
Kraft 26 6.52 3.74 6.43 1.26 
 






Figure 48: Means with Standard Error for TFD for Pasta Stimuli 
 
Participants’ TFD for the pasta stimuli was slightly greater for the stimuli printed 
on Kraft (6.52 seconds) than for the stimuli printed on clay-coat (6.27 seconds).  
  


























Shapiro-Wilk Test for TFD - Pasta 
Treatment Statistic N Sig. 
Clay-Coat 0.82 25 0.001 
Kraft 0.82 26 0.0 
 
Table 16: Shapiro-Wilk test for normality  
 
 
A Shapiro-Wilk test was completed to determine if the data recorded was 
normally distributed. For TFD for both the Clay-coat and Kraft pasta stimuli, the 
significance was <0.05, so the null hypothesis of normally distributed data was rejected. 
A standard, two-sample t-test cannot be applied to non-normal data. Thus, a Wilcoxon 
Rank Sum test was completed to determine if the Total Fixation Duration for the pasta 
stimuli printed on Clay-Coat is different than the Total Fixation Duration for the pasta 
stimuli printed on Kraft.  
H0: median (Kraft) – median (Clay-coat)  = 0 






TFD Pasta Kraft - TFD 
Pasta Clay 
Negative Ranks 12m 12.75 153.00 
Positive Ranks 13n 13.23 172.00 
Ties 0o   
Total 25   
m. TFD Pasta Kraft < TFD Pasta Clay 
n. TFD Pasta Kraft > TFD Pasta Clay 




 TFD Pasta Kraft 
- TFD Pasta Clay 
Z -.256b 
Asymp. Sig. (2-tailed) .798 
a. Wilcoxon Signed Ranks Test  
b. Based on negative ranks.  
c. Based on positive ranks.  
 
Table 17: Wilcoxon Signed Ranked Sum test Results for TTFF for Pasta Stimuli 
 
 
Total Fixation Duration is defined as the total amount of time (in seconds) which 
the viewer provides fixations on determined Area of Interest (AOI). At p-value = 0.798, 
there was no significant difference (p>0.05) found between the TFD for stimuli printed 
on Kraft and TFD for stimuli printed on Clay-coat for the pasta stimuli. Both groups 

















TTFF - Cereal 
Treatment N Mean Median Standard Deviation 
Standard 
Error 
Clay-Coat 26 1.50 0.87 1.73 0.34 
Kraft 26 1.21 0.52 1.49 0.29 
 





Figure 51: Means with Standard Error for TTFF for Cereal  
 
Participants’ TTFF for the cereal stimuli was greater for the stimuli printed on 
Clay-coat (1.50 second) than for the stimuli printed on Clay-coat (1.21 seconds). 
  



























Shapiro-Wilk Test for TTFF - Cereal 
Treatment Statistic N Sig. 
Clay-coat 0.75 26 0 
Kraft 0.79 26 0 
 
Table 19: Shapiro-Wilk test for normality  
 
 
A Shapiro-Wilk test was completed to determine if the data recorded was 
normally distributed. For TTFF for both the Clay-coat and Kraft cereal stimuli, the 
significance <0.05, so the null hypothesis of normally distributed data was rejected. A 
standard two-sample t-test cannot be applied to non-normal data. Thus, a Wilcoxon Rank 
Sum test was completed to determine if the Time to First Fixation for the cereal stimuli 
printed on Clay-coat is different than the Time to First Fixation for the cereal stimuli 
printed on Kraft.  
H0: median (Kraft) – median (Clay-coat)  = 0 






 N Mean Rank Sum of Ranks 
TTFF Cereal Kraft - TTFF 
Cereal Clay 
Negative Ranks 16g 12.25 196.00 
Positive Ranks 9h 14.33 129.00 
Ties 1i   
Total 26   
g. TTFF Cereal Kraft < TTFF Cereal Clay 
h. TTFF Cereal Kraft > TTFF Cereal Clay 
i. TTFF Cereal Kraft = TTFF Cereal Clay 
 
Test Statisticsa 
 TTFF Cereal 
Kraft - TTFF 
Cereal Clay 
Z -.901c 
Asymp. Sig. (2-tailed) .367 
a. Wilcoxon Signed Ranks Test  
b. Based on negative ranks.  
c. Based on positive ranks.  
 
Table 20: Wilcoxon Signed Ranked Sum test Results for TTFF for Cereal Stimuli 
 
 
Time to First Fixation measures the amount of time in seconds it takes for a 
participant to fixate on a determined Area of Interest (AOI). With a p-value = 0.367, there 
was no significant difference (p>0.05) found between the TFD for stimuli printed on 
Kraft and TFD for stimuli printed on Clay-coat for the cereal stimuli. Neither group took 





TFD - Cereal 
Treatment N Mean Median Standard Deviation 
Standard 
Error 
Clay-Coat 26 4.34 2.6 4.88 0.96 
Kraft 26 5.38 3.32 4.93 0.97 
 





Figure 52: Means with Standard Error for TFD for Cereal 
 
Participants’ TFD for the cereal stimuli was greater for the stimuli printed on  
Kraft (5.38 seconds) than for the stimuli printed on Clay-coat (4.34 seconds).  
  























Shapiro-Wilk Test for TFD - Cereal 
Treatment Statistic N Sig. 
Clay-coat 0.74 26 0.0 
Kraft 0.83 26 0.001 
 
Table 22: Shapiro-Wilk test for normality  
 
 
A Shapiro-Wilk test was completed to determine if the data recorded was 
normally distributed. For TFD for both the Clay-coat and Kraft cereal stimuli, the 
significance was <0.05, so the null hypothesis of normally distributed data was rejected. 
A standard, two-sample t-test cannot be applied to non-normal data. Thus, a Wilcoxon 
Rank Sum test was completed to determine if the Total Fixation Duration for the cereal 
stimuli printed on Clay-coat is different than the Total Fixation Duration for the cereal 
stimuli printed on Kraft.  
H0: median (Kraft) – median (Clay-coat)  = 0 








 N Mean Rank Sum of Ranks 
TFD Cereal Kraft - TFD 
Cereal Clay 
Negative Ranks 11p 13.95 153.50 
Positive Ranks 15q 13.17 197.50 
Ties 0r   
Total 26   
p. TFD Cereal Kraft < TFD Cereal Clay 
q. TFD Cereal Kraft > TFD Cereal Clay 
r. TFD Cereal Kraft = TFD Cereal Clay 
 
Test Statisticsa 
 TFD Cereal 
Kraft - TFD 
Cereal Clay 
Z -.559b 
Asymp. Sig. (2-tailed) .576 
a. Wilcoxon Signed Ranks Test 
b. Based on negative ranks. 
c. Based on positive ranks. 
 
Table 23: Wilcoxon Signed Ranked Sum test Results for TFD for Cereal Stimuli 
 
 
Total Fixation Duration is defined as the total amount of time (in seconds) which 
the viewer provides fixations on determined Area of Interest (AOI). At p-value = 0.576 
there was no significant difference (p>0.05) found between the TFD for stimuli printed 
on Kraft and TFD for stimuli printed on Clay-coat for the cereal stimuli. Both groups 























































The goal of the research was to a difference in consumer attention when 
purchasing products packaged with Kraft substrate compared to products packed with 
simulated Kraft substrate. Previous research suggests that consumers generally only 
prefer “sustainable packaging” when prompted and otherwise do not consider it a factor 
when making a purchase decision.  
Analyzing eye-tracking data from 52 voluntary subjects, participants shopping for 
all three stimuli, cookies, pasta and cereal, did not take significantly more or less time to 
fixate on the Kraft packages or the simulated Kraft packages (p-value>.05). Also, 
participants did not spend significantly more time or less time looking at the Kraft 
packages or the simulated Kraft packages (p-value>.05). There was no difference in 




Due to the small amount of sample needed to complete the study, all stimuli were 
printed on a Roland UV printer (proofer) rather than at production quality on a press. The 
methodology was designed to maximize the quality of each stimulus by printing at the 
highest quality achievable by substrate. The graphical elements designed for the cereal 
stimuli included various gradients that would often be seen on consumer product good 
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packages.  The Kraft packages were all printed with two layers of white ink underneath. 
The limitations of the proofer used do not allow white to be printed on a gradient. 
Therefore, a bright spot of white appears on the bottom of the cereal packages printed on 
Kraft substrate that does not appear on the cereal packages printed on Clay-Coat.  
 
 
Figure 61: Final Cereal stimuli showing the Clay-Coat package on the left and Kraft 
package on the right 
 
 
 A major limitation to the study is the absence of physical interaction with the 
packages. Due to the nature of the eye-tracking glasses, participants were prompted to 
shop for items without touching the packages or taking them off the shelves. While the 
simulated Kraft substrate may look very similar to a natural Kraft board, it does not 
replicate the tactile quality of the natural, uncoated board. This may have an effect on 




Although the visual differences in the two tested cereal stimuli did not prove to be 
a factor that influenced participants TTFF or TFD, it should be noted that in order to use 
graphics with gradients, the inclusion of white ink should be applied using a different 
methodology than defined to ensure samples are of equal quality. It is recommended for a 
new methodology to be developed and the cereal stimuli retested in a similar shopping 
environment.  
It is also recommended to complete a second part of the study to understand 
purchase decision. The study would have two portions, an eye-tracking portion and an 
interview portion. The eye-tracking portion should test the stimuli in a side-by side 
manner to determine if there is a preference in Kraft and simulated Kraft packages based 
on visual shopping alone. The interview portion should test shoppers in the same 
environment without eye tracking glasses, allowing consumers to make a preference 
decision by actually choosing items off the shelves that they would purchase. It would be 
followed up with an interview where participants would be asked about the differences in 
the Kraft and simulated Kraft packages to gauge knowledge of package materials and 
typical shopping behaviors. This would allow researchers to make specific conclusions 





Spectral Measurements for Flexographic Press and Roland UV Prints 
 90 
 
Flexographic Press Measurements for 1 Layer of White Ink 
Spectral 
Number 380 390 400 410 420 430 440 450 460 470 480 490 
Sample 1 0.12 0.18 0.27 0.36 0.39 0.40 0.40 0.40 0.41 0.41 0.41 0.42 
Sample 2 0.12 0.18 0.29 0.38 0.42 0.43 0.43 0.44 0.44 0.44 0.44 0.45 
Sample 3 0.12 0.19 0.31 0.41 0.46 0.46 0.46 0.46 0.47 0.47 0.47 0.47 
Sample 4 0.12 0.18 0.28 0.37 0.40 0.41 0.42 0.42 0.42 0.42 0.43 0.43 
Sample 5 0.13 0.19 0.31 0.42 0.47 0.48 0.48 0.48 0.48 0.48 0.48 0.49 
Average 0.12 0.19 0.29 0.39 0.43 0.44 0.44 0.44 0.44 0.44 0.45 0.45 
Spectral 
Number 500 510 520 530 540 550 560 570 580 590 600 610 
Sample 1 0.42 0.43 0.44 0.45 0.45 0.46 0.47 0.48 0.49 0.50 0.51 0.52 
Sample 2 0.45 0.46 0.46 0.47 0.48 0.48 0.49 0.50 0.51 0.52 0.53 0.54 
Sample 3 0.47 0.48 0.48 0.49 0.49 0.50 0.50 0.51 0.52 0.53 0.54 0.54 
Sample 4 0.44 0.44 0.45 0.46 0.47 0.48 0.48 0.49 0.50 0.51 0.52 0.53 
Sample 5 0.49 0.49 0.50 0.51 0.51 0.52 0.52 0.53 0.54 0.55 0.56 0.56 
Average 0.46 0.46 0.47 0.47 0.48 0.49 0.49 0.51 0.51 0.52 0.53 0.54 
Spectral 
Number 620 630 640 650 660 670 680 690 700 710 720 730 
Sample 1 0.52 0.53 0.54 0.55 0.55 0.56 0.56 0.57 0.57 0.58 0.58 0.59 
Sample 2 0.54 0.55 0.56 0.56 0.57 0.58 0.58 0.58 0.59 0.59 0.60 0.61 
Sample 3 0.55 0.56 0.56 0.57 0.57 0.58 0.58 0.59 0.59 0.59 0.60 0.61 
Sample 4 0.54 0.55 0.55 0.56 0.57 0.57 0.58 0.58 0.59 0.60 0.60 0.61 
Sample 5 0.57 0.57 0.58 0.59 0.59 0.60 0.60 0.60 0.61 0.61 0.62 0.63 
Average 0.55 0.55 0.56 0.57 0.57 0.58 0.58 0.59 0.59 0.60 0.60 0.61 
 
Table A-1: Flexographic Press Measurements for 1 Layer of White Ink 
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Roland Versa UV Measurements for 1 Layer of White Ink 
Spectral Number 380 390 400 410 420 430 440 450 460 470 480 490 
Sample 1 0.11 0.18 0.27 0.33 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 
Sample 2 0.13 0.24 0.42 0.58 0.67 0.69 0.69 0.69 0.68 0.68 0.67 0.67 
Sample 3 0.13 0.24 0.43 0.62 0.73 0.76 0.77 0.77 0.77 0.76 0.76 0.76 
Average 0.12 0.22 0.37 0.51 0.59 0.60 0.60 0.60 0.60 0.60 0.60 0.60 
Spectral Number 500 510 520 530 540 550 560 570 580 590 600 610 
Sample 1 0.36 0.37 0.37 0.37 0.38 0.38 0.39 0.39 0.40 0.41 0.41 0.42 
Sample 2 0.67 0.66 0.66 0.66 0.66 0.65 0.65 0.65 0.65 0.65 0.64 0.64 
Sample 3 0.76 0.75 0.75 0.75 0.75 0.74 0.74 0.74 0.74 0.74 0.73 0.73 
Average 0.60 0.60 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.60 0.60 0.60 
Spectral Number 620 630 640 650 660 670 680 690 700 710 720 730 
Sample 1 0.43 0.43 0.44 0.45 0.45 0.46 0.46 0.47 0.47 0.48 0.48 0.49 
Sample 2 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.65 
Sample 3 0.73 0.73 0.73 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.71 0.72 
Average 0.60 0.60 0.60 0.60 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.62  
 
Table A-2: Roland Versa UV Press Measurements for 1 Layer of White Ink 
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Roland Versa UV Measurements for 2 Layers of White Ink 
Spectral Number 380 390 400 410 420 430 440 450 460 470 480 490 
Sample 1 0.11 0.18 0.26 0.32 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 
Sample 2 0.13 0.24 0.42 ` 0.68 0.70 0.70 0.70 0.70 0.70 0.69 0.69 
Sample 3 0.14 0.24 0.44 0.63 0.76 0.79 0.80 0.80 0.80 0.80 0.80 0.80 
Average 0.12 0.22 0.37 0.48 0.60 0.62 0.62 0.62 0.62 0.62 0.62 0.62 
Spectral Number 500 510 520 530 540 550 560 570 580 590 600 610 
Sample 1 0.36 0.37 0.37 0.37 0.38 0.38 0.39 0.39 0.40 0.41 0.41 0.42 
Sample 2 0.68 0.68 0.68 0.67 0.67 0.67 0.66 0.66 0.66 0.66 0.66 0.66 
Sample 3 0.79 0.79 0.79 0.79 0.78 0.78 0.78 0.78 0.77 0.77 0.77 0.77 
Average 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 
Spectral Number 620 630 640 650 660 670 680 690 700 710 720 730 
Sample 1 0.43 0.43 0.44 0.45 0.46 0.46 0.47 0.47 0.48 0.48 0.49 0.50 
Sample 2 0.66 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.66 
Sample 3 0.76 0.76 0.76 0.76 0.76 0.76 0.75 0.75 0.75 0.75 0.75 0.75 
Average 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.63 0.63 0.63 0.63 
 
Table A-3: Roland Versa UV Press Measurements for 2 Layers of White Ink 
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Roland	  Versa	  UV	  Measurements	  for	  3	  Layers	  of	  White	  Ink	  
Spectral	  Number	   380	   390	   400	   410	   420	   430	   440	   450	   460	   470	   480	   490	  
Sample	  1	   0.11	   0.17	   0.26	   0.32	   0.36	   0.36	   0.36	   0.36	   0.36	   0.36	   0.36	   0.36	  
Sample	  2	   0.13	   0.24	   0.42	   0.59	   0.68	   0.70	   0.70	   0.70	   0.70	   0.70	   0.69	   0.69	  
Sample	  3	   0.13	   0.24	   0.44	   0.64	   0.76	   0.80	   0.81	   0.81	   0.81	   0.81	   0.80	   0.80	  
Average	   0.12	   0.22	   0.37	   0.52	   0.60	   0.62	   0.62	   0.62	   0.62	   0.62	   0.62	   0.62	  
Spectral	  Number	   500	   510	   520	   530	   540	   550	   560	   570	   580	   590	   600	   610	  
Sample	  1	   0.37	   0.37	   0.37	   0.38	   0.38	   0.39	   0.39	   0.40	   0.40	   0.41	   0.42	   0.42	  
Sample	  2	   0.69	   0.68	   0.68	   0.67	   0.67	   0.67	   0.67	   0.67	   0.66	   0.66	   0.66	   0.66	  
Sample	  3	   0.80	   0.80	   0.79	   0.79	   0.79	   0.78	   0.78	   0.78	   0.78	   0.77	   0.77	   0.77	  
Average	   0.62	   0.62	   0.61	   0.61	   0.61	   0.61	   0.61	   0.61	   0.61	   0.62	   0.62	   0.62	  
Spectral	  Number	   620	   630	   640	   650	   660	   670	   680	   690	   700	   710	   720	   730	  
Sample	  1	   0.43	   0.44	   0.44	   0.45	   0.46	   0.46	   0.47	   0.47	   0.48	   0.48	   0.49	   0.49	  
Sample	  2	   0.66	   0.66	   0.66	   0.66	   0.66	   0.66	   0.66	   0.66	   0.66	   0.66	   0.66	   0.66	  
Sample	  3	   0.77	   0.77	   0.76	   0.76	   0.76	   0.76	   0.76	   0.75	   0.75	   0.75	   0.75	   0.75	  
Average	   0.62	   0.62	   0.62	   0.62	   0.63	   0.63	   0.63	   0.63	   0.63	   0.63	   0.63	   0.63	  
 





Roland Versa UV Measurements for 4 Layers of White Ink 
Spectral Number 380 390 400 410 420 430 440 450 460 470 480 490 
Sample 1 0.11 0.18 0.28 0.35 0.38 0.39 0.39 0.39 0.39 0.38 0.38 0.38 
Sample 2 0.13 0.24 0.42 0.59 0.70 0.72 0.72 0.72 0.72 0.72 0.71 0.71 
Sample 3 0.14 0.25 0.45 0.65 0.77 0.81 0.82 0.82 0.82 0.82 0.82 0.82 
Average 0.13 0.22 0.38 0.53 0.62 0.64 0.64 0.64 0.64 0.64 0.64 0.64 
Spectral Number 500 510 520 530 540 550 560 570 580 590 600 610 
Sample 1 0.38 0.39 0.39 0.39 0.39 0.40 0.40 0.41 0.41 0.42 0.43 0.43 
Sample 2 0.71 0.70 0.70 0.70 0.69 0.69 0.69 0.69 0.68 0.68 0.68 0.68 
Sample 3 0.81 0.81 0.81 0.81 0.80 0.80 0.80 0.80 0.79 0.79 0.79 0.78 
Average 0.64 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 
Spectral Number 620 630 640 650 660 670 680 690 700 710 720 730 
Sample 1 0.44 0.44 0.45 0.46 0.46 0.47 0.47 0.48 0.48 0.49 0.49 0.50 
Sample 2 0.68 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 
Sample 3 0.78 0.78 0.78 0.78 0.78 0.77 0.77 0.77 0.77 0.77 0.76 0.77 
Average 0.63 0.63 0.63 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.65 
 
Table A-4: Roland Versa UV Press Measurements for 4 Layers of White Ink 
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Roland Versa UV Measurements for 5 Passes of White Ink 
Spectral Number 380 390 400 410 420 430 440 450 460 470 480 490 
Sample 1 0.11 0.17 0.25 0.31 0.34 0.35 0.35 0.35 0.35 0.35 0.35 0.35 
Sample 2 0.13 0.24 0.42 0.59 0.68 0.70 0.70 0.70 0.70 0.70 0.69 0.69 
Sample 3 0.14 0.25 0.45 0.66 0.79 0.84 0.84 0.85 0.85 0.85 0.85 0.85 
Average 0.12 0.22 0.37 0.52 0.61 0.63 0.63 0.63 0.63 0.63 0.63 0.63 
Spectral Number 500 510 520 530 540 550 560 570 580 590 600 610 
Sample 1 0.35 0.35 0.36 0.36 0.37 0.37 0.37 0.38 0.39 0.39 0.40 0.41 
Sample 2 0.69 0.68 0.68 0.68 0.67 0.67 0.67 0.67 0.66 0.66 0.66 0.66 
Sample 3 0.84 0.84 0.84 0.84 0.83 0.83 0.83 0.83 0.83 0.82 0.82 0.82 
Average 0.63 0.63 0.63 0.62 0.62 0.62 0.62 0.63 0.63 0.63 0.63 0.63 
Spectral Number 620 630 640 650 660 670 680 690 700 710 720 730 
Sample 1 0.41 0.42 0.43 0.44 0.44 0.45 0.45 0.46 0.46 0.47 0.48 0.48 
Sample 2 0.66 0.66 0.66 0.66 0.66 0.65 0.65 0.65 0.65 0.65 0.65 0.65 
Sample 3 0.82 0.81 0.81 0.81 0.81 0.81 0.80 0.80 0.80 0.80 0.80 0.80 
Average 0.63 0.63 0.63 0.63 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 
 
Table A-5: Roland Versa UV Press Measurements for 5 Layers of White Ink 
  
 96 
Roland Versa UV Measurements for 6 Layers of White Ink 
Spectral Number 380 390 400 410 420 430 440 450 460 470 480 490 
Sample 1 0.12 0.23 0.38 0.52 0.58 0.59 0.59 0.59 0.59 0.58 0.58 0.57 
Sample 2 0.13 0.24 0.42 0.60 0.70 0.72 0.73 0.72 0.72 0.72 0.72 0.71 
Sample 3 0.13 0.24 0.44 0.65 0.79 0.83 0.84 0.85 0.85 0.85 0.85 0.84 
Average 0.13 0.23 0.41 0.59 0.69 0.72 0.72 0.72 0.72 0.72 0.71 0.71 
Spectral Number 500 510 520 530 540 550 560 570 580 590 600 610 
Sample 1 0.57 0.57 0.57 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 
Sample 2 0.71 0.71 0.70 0.70 0.70 0.69 0.69 0.69 0.69 0.68 0.68 0.68 
Sample 3 0.84 0.84 0.84 0.83 0.83 0.83 0.83 0.83 0.82 0.82 0.82 0.82 
Average 0.71 0.70 0.70 0.70 0.70 0.70 0.69 0.69 0.69 0.69 0.69 0.69 
Spectral Number 620 630 640 650 660 670 680 690 700 710 720 730 
Sample 1 0.56 0.56 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.58 0.58 
Sample 2 0.68 0.68 0.68 0.68 0.68 0.67 0.67 0.67 0.67 0.67 0.67 0.67 
Sample 3 0.81 0.81 0.81 0.81 0.81 0.80 0.80 0.80 0.80 0.80 0.79 0.80 
Average 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 
 
Table A-6: Roland Versa UV Press Measurements for 6 Passes of White Ink 
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Roland Versa UV Measurements for 7 Layers of White Ink 
Spectral Number 380 390 400 410 420 430 440 450 460 470 480 490 
Sample 1 0.13 0.22 0.37 0.50 0.56 0.57 0.57 0.57 0.57 0.56 0.56 0.56 
Sample 2 0.13 0.24 0.43 0.62 0.74 0.77 0.78 0.78 0.78 0.77 0.77 0.77 
Sample 3 0.13 0.24 0.45 0.66 0.78 0.82 0.83 0.84 0.84 0.84 0.84 0.84 
Average 0.13 0.23 0.41 0.59 0.69 0.72 0.73 0.73 0.73 0.73 0.72 0.72 
Spectral Number 500 510 520 530 540 550 560 570 580 590 600 610 
Sample 1 0.56 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 
Sample 2 0.76 0.76 0.76 0.75 0.75 0.75 0.74 0.74 0.74 0.74 0.74 0.73 
Sample 3 0.83 0.83 0.83 0.83 0.83 0.82 0.82 0.82 0.82 0.81 0.81 0.81 
Average 0.72 0.72 0.71 0.71 0.71 0.71 0.70 0.70 0.70 0.70 0.70 0.70 
Spectral Number 620 630 640 650 660 670 680 690 700 710 720 730 
Sample 1 0.55 0.55 0.56 0.56 0.56 0.56 0.56 0.56 0.57 0.57 0.57 0.58 
Sample 2 0.73 0.73 0.73 0.73 0.73 0.73 0.72 0.72 0.72 0.72 0.72 0.72 
Sample 3 0.81 0.80 0.80 0.80 0.80 0.80 0.80 0.79 0.79 0.79 0.79 0.79 
Average 0.70 0.70 0.70 0.70 0.70 0.70 0.69 0.69 0.69 0.69 0.69 0.70 
 




Table A-8: Average Spectral Data for both Roland Versa UV
Average Spectral Data 
Spectral Number 380 390 400 410 420 430 440 450 460 470 480 490 
1 Layer - Flexo 0.12 0.19 0.29 0.39 0.43 0.44 0.44 0.44 0.44 0.44 0.45 0.45 
1 Layer - Roland 0.13 0.23 0.41 0.59 0.69 0.72 0.73 0.73 0.73 0.73 0.72 0.72 
2 Layers - Roland 0.12 0.22 0.37 0.48 0.60 0.62 0.62 0.62 0.62 0.62 0.62 0.62 
3 Layers - Roland 0.12 0.22 0.37 0.52 0.60 0.62 0.62 0.62 0.62 0.62 0.62 0.62 
4 Layers - Roland 0.13 0.22 0.38 0.53 0.62 0.64 0.64 0.64 0.64 0.64 0.64 0.64 
5 Layers - Roland 0.12 0.22 0.37 0.52 0.61 0.63 0.63 0.63 0.63 0.63 0.63 0.63 
6 Layers - Roland 0.13 0.23 0.41 0.59 0.69 0.72 0.72 0.72 0.72 0.72 0.71 0.71 
7 Layers - Roland 0.13 0.23 0.41 0.59 0.69 0.72 0.73 0.73 0.73 0.73 0.72 0.72 
Spectral Number 500 510 520 530 540 550 560 570 580 590 600 610 
1 Layer - Flexo 0.46 0.46 0.47 0.47 0.48 0.49 0.49 0.51 0.51 0.52 0.53 0.54 
1 Layer - Roland 0.72 0.72 0.71 0.71 0.71 0.71 0.70 0.70 0.70 0.70 0.70 0.70 
2 Layers - Roland 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 
3 Layers - Roland 0.62 0.62 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.62 0.62 0.62 
4 Layers - Roland 0.64 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 
5 Layers - Roland 0.63 0.63 0.63 0.62 0.62 0.62 0.62 0.63 0.63 0.63 0.63 0.63 
6 Layers - Roland 0.71 0.70 0.70 0.70 0.70 0.70 0.69 0.69 0.69 0.69 0.69 0.69 
7 Layers - Roland 0.72 0.72 0.71 0.71 0.71 0.71 0.70 0.70 0.70 0.70 0.70 0.70 
Spectral Number 620 630 640 650 660 670 680 690 700 710 720 730 
1 Layer - Flexo 0.55 0.55 0.56 0.57 0.57 0.58 0.58 0.59 0.59 0.60 0.60 0.61 
1 Layer - Roland 0.70 0.70 0.70 0.70 0.70 0.70 0.69 0.69 0.69 0.69 0.69 0.70 
2 Layers - Roland 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.63 0.63 0.63 0.63 
3 Layers - Roland 0.62 0.62 0.62 0.62 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 
4 Layers - Roland 0.63 0.63 0.63 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.65 
5 Layers - Roland 0.63 0.63 0.63 0.63 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 
6 Layers - Roland 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 















Appendix C:  




Figure C-1: Cookie art for Kraft before profiling 
 
 
Figure C-2: Cookie art for Kraft after profiling 
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Figure C-3: Cookie art for clay-coat before profiling 
 
Figure C-4: Cookie art for clay-coat after profiling 
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Figure C-5: Cereal art for Kraft before profiling 
 
 
Figure C-6: Cereal art for Kraft after profiling 
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Figure C-7: Cereal art for clay-coat before profiling 
 















Statistic df Sig. 
TTFF 
Cookies 
Clay-Coat .807 26 .000 
Kraft .841 26 .001 
TTFF 
Pasta 
Clay-Coat .589 25 .000 
Kraft .599 26 .000 
TTFF 
Cereal 
Clay-Coat .746 26 .000 
Kraft .786 26 .000 
TTFD 
Cookies 
Clay-Coat .688 25 .000 
Kraft .764 26 .000 
TFD 
Pasta 
Clay-Coat .824 25 .001 
Kraft .818 26 .000 
TFD 
Cereal 
Clay-Coat .736 26 .000 






 N Mean Std. Deviation Minimum Maximum 
TTFF Cookies Clay 26 2.148077 2.2299202 .0300 8.0000 
TTFF Pasta Clay 25 4.034400 6.1302012 .0300 27.0000 
TTFF Cereal Clay 26 1.497308 1.7253071 .0300 8.1000 
TFD Cookies Clay 25 4.689200 5.8749850 .3300 23.0000 
TFD Pasta Clay 25 6.265200 6.3220481 .1300 24.0000 
TFD Cereal Clay 26 4.339231 4.8832710 .1700 18.9000 
TTFF Cookies Kraft 26 2.499231 2.5391210 .0300 8.5700 
TTFF Pasta Kraft 26 2.994615 4.6586755 .0300 23.0000 
TTFF Cereal Kraft 26 1.210385 1.4935394 .0300 5.4300 
TFD Cookies Kraft 26 5.161154 6.0050135 .1700 25.0000 
TFD Pasta Kraft 26 6.520385 6.4306656 .2700 22.0000 






 N Mean 
Rank 
Sum of Ranks 
TTFF Cookies Kraft - TTFF 
Cookies Clay 
Negative Ranks 12a 12.29 147.50 
Positive Ranks 14b 14.54 203.50 
Ties 0c   
Total 26   
TTFF Pasta Kraft - TTFF 
Pasta Clay 
Negative Ranks 12d 12.96 155.50 
Positive Ranks 12e 12.04 144.50 
Ties 1f   
Total 25   
TTFF Cereal Kraft - TTFF 
Cereal Clay 
Negative Ranks 16g 12.25 196.00 
Positive Ranks 9h 14.33 129.00 
Ties 1i   
Total 26   
TFD Cookies Kraft - TFD 
Cookies Clay 
Negative Ranks 12j 13.25 159.00 
Positive Ranks 13k 12.77 166.00 
Ties 0l   
Total 25   
TFD Pasta Kraft - TFD Pasta 
Clay 
Negative Ranks 12m 12.75 153.00 
Positive Ranks 13n 13.23 172.00 
Ties 0o   
Total 25   
TFD Cereal Kraft - TFD 
Cereal Clay 
Negative Ranks 11p 13.95 153.50 
Positive Ranks 15q 13.17 197.50 
Ties 0r   
Total 26   





a. TTFF Cookies Kraft < TTFF Cookies Clay 
b. TTFF Cookies Kraft > TTFF Cookies Clay 
c. TTFF Cookies Kraft = TTFF Cookies Clay 
d. TTFF Pasta Kraft < TTFF Pasta Clay 
e. TTFF Pasta Kraft > TTFF Pasta Clay 
f. TTFF Pasta Kraft = TTFF Pasta Clay 
g. TTFF Cereal Kraft < TTFF Cereal Clay 
h. TTFF Cereal Kraft > TTFF Cereal Clay 
i. TTFF Cereal Kraft = TTFF Cereal Clay 
j. TFD Cookies Kraft < TFD Cookies Clay 
k. TFD Cookies Kraft > TFD Cookies Clay 
l. TFD Cookies Kraft = TFD Cookies Clay 
m. TFD Pasta Kraft < TFD Pasta Clay 
n. TFD Pasta Kraft > TFD Pasta Clay 
o. TFD Pasta Kraft = TFD Pasta Clay 
p. TFD Cereal Kraft < TFD Cereal Clay 
q. TFD Cereal Kraft > TFD Cereal Clay 











































.477 .875 .367 .925 .798 .576 
a. Wilcoxon Signed Ranks Test 
b. Based on negative ranks. 
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